The Effects of Varying Fire Frequencies on a Missouri Ozark Oak-Hickory Forest by Vozzo, Justin & Refsland, Tyler
Justin T. Vozzo, Tyler K. Refsland, and Jennifer M. Fraterrigo
Department of Natural Resources and Environmental Sciences, College of ACES, University of Illinois at Urbana-Champaign
The Effects of Varying Fire Frequencies on a Missouri Ozark Oak-Hickory Forest
ACKNOWLEDGEMENTS
I would like to emphasize my appreciation of my mentor Tyler 
Refsland for his continued support in the development of this 
poster and my studies, and to Dr. Jennifer Fraterrigo for allowing 
me to pursue my studies in her lab. 
METHODS
Photographs taken by Benjamin Knapp. 
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The study site consisted of two blocks made up of six 
40x40 study plots that are each randomly assigned 
one of three treatments: annual prescribed fire, 
periodic fire (four year return interval), or an 
unburned control.  
We used diameter at breast height (DBH) and forest 
density (tree stems/ha) census data collected in 1951, 
1964, and 2013 in allometric equations from Jenkins 
(2003) to calculate aboveground dry biomass. 
Tree ring growth increment cores were collected from 
a sample of trees across each plot in 2015 and the 
annual radial growth of each tree was calculated from 
the width of the rings. 
Aboveground annual NPP was then estimated  from 
and broken down between the average growth rates 
and stand density by plot, using RStudio (2015) 
software. 
INTRODUCTION
Carbon storage in forests is globally important for 
helping mitigate the effects climate change. Fire 
frequency in forests is increasing due to both 
human-induced climate change and a paradigm shift 
in land management techniques. It is essential we 
understand the effects of fire on forest net primary 
productivity (NPP) and aboveground biomass (AGB) 
carbon storage. 
It is well known that prescribed fire affects stand 
structure by reducing tree density (Knapp et. al. 
2015), but the long-term effects of fire on individual 
tree growth are not well understood. Additionally, the 
contribution of each effect of fire, to structure and 
growth, on NPP are unknown. 
In this study, we examine the effects of over 60 years 
of annual and periodic fire regimes on aboveground 
NPP in a Missouri Ozark oak-hickory forest and break 
down the combined effects of prescribed burning into 
individual growth and stand density. RESULTS
 
CONCLUSIONS
1. Long-term effects (65 years) of fire treatments, 
both periodic and annual, did reduce overall stand 
density, annual growth, and aboveground NPP 
compared to control plots (Fig. 1-3).
2. The effects of fire treatment  on density and annual 
growth contributed a similar amount of reduction 
to aboveground NPP in both annually and 
periodically burned plots (Fig. 4). 
3. Periodic fire treatments had a greater effect on 
density than annual treatments,  while the effect on 
annual growth was similar between annual and 
periodic treatments (Fig. 4), this suggests that 
periodic treatment may have an overall greater 
effect on aboveground NPP and carbon storage.
Implications: 
Reducing the fire return interval through prescribed 
burning management may reduce overall impacts to 
carbon storage compared to catastrophic fire resulting 
from fire suppression and longer fire return intervals. 
This may decrease global carbon storage in the 
short-term, but increase long-term carbon storage. 
Figure 4. Fire-driven change in aboveground net primary productivity 
(± SE) due to density-derived and growth-derived influences in annually 
and periodically burned plots.
Figure 1. Stand density in stems per hectare (± SE) of control, annual, and 
periodic plots. Both treatments resulted in a decrease in tree stand density, but 
periodic treatments resulted in the largest reduction.
Figure 3. Aboveground NPP (± SE) of control, annual, and periodic plots. Both 
fire treatments resulted in a reduction in NPP over the long-term (65 years).
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1. How do increased fire 
frequencies affect stand 
density, individual 
growth, and therefore 
aboveground NPP in a 
Missouri Ozark 
oak-hickory forest?
2. How do contributions of 
density-derived and 
growth-derived 
alterations from fire 
affect NPP?
Prescribed burn in United States Pacific Northwest.  
Photo by Roger Ottmar, USFS.
Catastrophic 2013 Rim fire in California burned 
over 250,000 acres. 
Photo by Mike McMillan, USFS.
Figure 2. Annual radial growth as basal area increment (BAI) (± SE) of control, 
annual, and periodic plots from 1950 to 2015. Periodic and annual fire treatment 
resulted in similar impacts on BAI.  
